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DUPLEX PRINTING SYSTEM 
FIELD OF THE INVENTION 
The invention relates to printing systems and in particular to duplex printing systems 
for printing images on one or both sides of a sheet. 

BACKGROUND OF THE INVENTION 
Duplex printers and sheet transport systems for duplex printers that print both sides of a 
sheet and reference printing on each side of a sheet to a same edge of the sheet are known. 

PCT application PCT/IL98/00553, which is incorporated herein by reference, describes 
a sheet transport system for a duplex printer that prints both sides of a sheet on a same 
impression roller. The publication also describes a sheet transport system for a tandem duplex 
printer that prints each sides of a sheet on a different impression roller. 

The transport system, hereinafter referred to as a "re-feed transport system", for the 
printer that prints both sides of the sheet on a same impression roller receives a sheet from the 
impression roller after a first side of the sheet is printed. If the second side of the sheet is to be 
printed, it turns the sheet over and feeds it back to the impression roller for printing the second 
side. The position of the sheet on the impression roller when the sheet's second side is being 
printed is registered to the position of the sheet's leading edge. If the second side of the sheet is 
not to be printed, the transport system moves the sheet to an output tray. 

The transport system comprises a sheet transporter and a conveyor belt. The sheet 
transporter, hereinafter referred to as a "perfector", operates to turn the sheet over and register 
the position of sheet on the impression roller to the leading edge of the sheet. The perfector 
comprises a first and second set of vacuum pick up arms. Each of the arms of the first set of 
arms is mounted to a same shaft and rotate with the shaft. Each of the arms of the second set of 
arms is mounted to an annulus that rotates about the shaft to which the arms of the first set of 
arm are attached. Each of the annuli is coupled by its own transmission belt to a drive shaft that 
rotates all the arms of the second set of arm together. The first and second sets of vacuum arms 
operate sequentially one after the other to repeatedly remove a printed sheet from the 
impression roller. When removing a sheet from the impression roller, a set of vacuum arms 
rotates in a direction opposite to the direction of rotation of the impression roller to a hand off 
position between the perfector and the impression roller. At the hand off position the set of 
vacuum arms grips the sheet by an edge of the sheet and rolls the sheet off the impression 
roller. If the sheet is printed on a first side, the edge that is gripped is a leading edge of the 
sheet, to which edge printing on the first side is referenced. If the sheet being removed from 
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impression roller is to be printed on its second side, the set of vacuum arms places the sheet, 
printed side face up, on the conveyor and reverses its direction of rotation. Motion of the 
conveyor belt and the reverse rotation of the set of vacuum arms feed the sheet back to the 
impression roller trailing edge first. The set of vacuum arms grips the leading edge of the sheet 
5 until a gripper on the impression roller grips the trailing edge and the sheet begins to rolls up 
on the impression roller. As a result, the position of the sheet on the impression roller is 
registered to the leading edge of the sheet and printing of the second side of the sheet is 
referenced to the same leading edge to which printing on the first side of the sheet is registered. 
PCT application PCT/IL99/00600 filed on 07-Nov-99 and entitled " Tandem Printing 
10 System with Fine Paper-Position Correction", describes a sheet transport system and a sheet 
fine position control system for a tandem printer that prints each side of a sheet on a different 
impression roller. The disclosure of the application is incorporated herein by reference. The 
described sheet "tandem" transport system described herein is similar to the tandem sheet 
transport system described in PCT application PCT/TL98/00553. 
1 5 The transport system of this application transports a sheet from a first impression roller 

of the printer, on which a first side of the sheet is printed referenced to a leading edge of the 
sheet, to a second impression roller of the printer, on which a second side of the sheet is 
printed. The transport system registers a trailing edge of the sheet to the leading edge so that 
the position of the sheet on the second impression roller is registered with respect to the leading 
20 edge. Printing on the second side of the sheet is therefore referenced to the same leading edge 
to which printing on the first side of the sheet is referenced. 

The sheet transport system comprises a plurality of rotating sheet transporters. Each 
transporter comprised in the transport system comprises a rotatable shaft and preferably at least 
one array of suction cups that are mounted to the shaft for gripping a sheet. The transporter also 
25 preferably comprises at least one surface, hereinafter referred to as a "support surface", for 
supporting a sheet that is gripped and held by the transporter's suction cups. 

The transporters seriatim receive and hand off one to the other a sheet being transported 
by the transport system from the first impression to the second impression roller. A first 
transporter, hereinafter icferrcd tc as a "nicker", functions to remove a sheet from the first 
impression roller. The picker grips a leading edge of the sheet that it removes from the 
impression roller and hands off the leading edge to an adjacent transporter, hereinafter referred 
to as a " perfector". The perfector turns over the sheet that it receives and hands off a trailing 
edge of the sheet to a next transporter, hereinafter referred to as a "transfer transporter". The 
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transfer transporter in turn hands off the trailing edge of the sheet to a feed roller that feeds the 
sheet to the second impression roller, which grips the sheet by the trailing edge. 

In turning the sheet over, the perfector reverses its direction of rotation between 
clockwise and counterclockwise rotation and adjusts its speed of rotation so that when the 
trailing edge of the sheet is handed off to the transfer transporter, the trailing edge is registered 
to the leading edge. As a result, when the sheet is passed to the second impression roller, the 
sheet's position on the second impression roller is registered to the leading edge of the sheet, 
even though the second impression roller grips the sheet by the trailing edge of the sheet. 

SUMMARY OF THE INVENTION 
An aspect of some preferred embodiments of the present invention relates to providing 
an improved sheet transport system for a tandem printer that prints both sides of a sheet of a 
substrate with reference to a same edge of the sheet, wherein each side of the sheet is printed on 
a different impression roller. 

An aspect of some preferred embodiments of the present invention relates to providing 
a "tandem" sheet transport system comprising an improved perfector. 

A tandem sheet transport system, in accordance with a preferred embodiment of the 
present invention, is similar to the sheet transport system described in the above referenced 
PCT application PCT/IL99/00600. However, whereas the perfector described in 
PCT/IL99/00600 grips a sheet that it transports along the sheet's leading edge, a perfector in 
accordance with a preferred embodiment of the present invention grips a sheet that it transports 
along both its leading and trailing edges. The perfector preferably comprises two linear arrays 
of suction cups. One of the arrays grips a leading edge of a sheet that the perfector transports 
and the other grips the trailing edge of the sheet. The accuracy with which the trailing edge of 
the sheet is registered to the leading edge of the sheet is thereby improved. 

According to an aspect of some preferred embodiments of the present invention, the 
position of at least one of the suction cup arrays is adjustable. As a result, the perfector and the 
transport system easily accommodate different size sheets. In some preferred embodiments of 
the present invention the position of least one suction cup array is manually adjustable. In some 
preferred embodiments of the present invention controller controls an appropriate actuator or 
motor to adjust the position of at least one of the suction cup arrays. 

According to an aspect of some preferred embodiments of the present invention a sheet 
transport system comprises at least one fan mounted over the perfector. The fan creates airflow 
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that improves the accuracy of registration of a trailing edge of a sheet being transported by the 
sheet transport system to the sheet's leading edge. 

When the picker in a sheet transport system, in accordance with a preferred embodiment 
of the present invention, hands off a sheet being transported by the transport system to the 
perfector a leading edge of the sheet is first gripped by a first suction cup array of the perfector. 
The sheet then rolls onto the at least one sheet support surface of the perfector and, when the 
trailing edge of the sheet rolls onto the at least one sheet support surface, the trailing edge is 
gripped by a second suction cup array of the perfector. In order for the trailing edge of the sheet 
to be properly aligned and registered to the leading edge it must lie flat on the at least one 
support surface. In accordance with a preferred embodiment of the present invention, as the 
sheet rolls onto the perfector' s at least one support surface, the fan creates airflow that presses 
the sheet flat to the at least one support surface. As a result, the alignment of the trailing edge 
on the at least one support surface with respect to the position of the leading edge on the 

support surface is improved. 
; An aspect of some preferred embodiments of the present invention relates to providing 

an improved re-feed transport system for a duplex printer that prints both sides of a sheet on a 

same impression roller. 

An aspect of some preferred embodiments of the present invention relates to providing 
a re-feed sheet transport system comprising an improved perfector. 
0 A re-feed sheet transport system, in accordance with a preferred embodiment of the 

present invention, is similar to the re-feed sheet transport system described in the above 
referenced PCT application PCT/IL98/00553. The transport system comprises a perfector that 
removes sheets from the printer's impression roller and if the sheet is to be printed on a second 
side places the sheet on a conveyor that guides the sheet back to the impression roller. The 
25 perfector registers a trailing edge of the sheet to its leading edge so that the position of the sheet 
on the impression roller when the sheet's second side is being printed is registered to the 
sheet's leading edge. However, the transport system of the present application comprises a 
perfector having an improved construction. 

A perfector m accordance with a preferred embodiment of the present invention 
30 comprises first and second interleaved rotary arms that rotate about a common axis of rotation. 
Each rotary arm, hereinafter referred to as a "pick and place" arm, preferably comprises a linear 
array of suction cups and at least one support surface. The first and second pick and place arms 
operate to remove sheets from the impression roller after they are printed similarly to the way 



019/01400 



in which the first and second sets of vacuum pick-up arms of the perfector descried in PCT 
application PCT/IL98/00553 operate. 

Each pick and place arm rotates to a pick off position between the perfector and the 
impression roller at which position it grips an edge of a sheet being printed. If a sheet removed 
by a pick and place does not require printing on a second side, the pick and place hands off the 
sheet to an adjacent transporter that moves the sheet towards an output tray. If the sheet 
requires printing on a second side, the edge of the sheet that the pick and place grips at the pick 
off position is a leading edge of the sheet and the pick and place places the sheet on the moving 
conveyor belt, printed surface face up. The pick and place arm then reverses its direction of 
rotation and together with the conveyor belt guides the sheet back to the impression roller, 
trailing edge first, for printing on the second side. The pick and place arm does not release the 
leading edge until the impression roller grips the trailing edge. The pick and place thereby 
maintains registration of the trailing edge of the sheet to the leading edge of the sheet. The pick 
and place arms operate sequentially one after the other to repeatedly pick a printed sheet off the 
impression roller and place it on the conveyor or hand it off towards the output tray. 

When a pick and place removes a sheet from the impression roller, in accordance with a 
preferred embodiment of the present invention, the sheet rolls off the impression roller and 
onto the at least one support surface of the pick and place. The at least one support surface 
contributes to a smooth roll off of the sheet from impression roller and to reducing fluctuations 
in a force with which the pick and place arm pulls the sheet off the impression roller. The at 
least one support surface substantially reduces damage to the sheet from kinking or wrinkling 
of the sheet in regions near to suction cups of the pick and place. 

According to an aspect of some preferred embodiments of the present invention a re- 
feed sheet transport system comprises at least one fan positioned to create airflow that . presses 
the sheet flat to the conveyor belt surface. By pressing the sheet flat to the surface of the 
conveyor the accuracy with which the trailing edge of the sheet is registered to the leading edge 

of the sheet is improved. 

Proper operation of an transport system in accordance with a preferred embodiment of 
the present invention requires controlling suction cups on the various transporters so that they 
suck and release air at appropriate times. The suction cups, which are mounted to rapidly 
rotating shafts, must therefore be connected to appropriate vacuum pumps and valves. 

Methods for transmitting pressure or vacuum to devices mounted to a rotating shaft are 
known in the art. The devices are connected to appropriate channels in the shaft which in turn 
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are connected to desired vacuum pumps, pressure pumps and valves, hereinafter referred to 
collectively or individually as "pressure devices". 

If one or two channels are needed, a channel is formed at one end or at both ends of the 
shaft and the end or ends of the shaft are connected to a desired pressure device by a rotary 

5 joint. If more than two channels are needed, or more than one channel is needed at a same end 
of the shaft, in accordance with a preferred embodiment of the present invention, a sealed 
cavity is formed about the shaft for each channel required. The shaft passes through walls that 
form the cavity, which are sealed to the shaft using dynamic seals. The dynamic seals allow the 
shaft to rotate while supporting a pressure differential between one side and the other side of 

1 0 each of the cavity walls through which the shaft passes. The channel is connected to the cavity 
via a hole that leads from the channel and exits the shaft in a surface region of the shaft located 
inside the cavity. Pressure or vacuum generated in the cavity is transmitted through the hole to 
the channel and from the channel to devices connected to the channel. Dynamic seals, such as 
those known in the prior art generally exert large torque on shafts to which they are coupled 

15 and often substantially increase the rate of wear of the shafts. This makes them unsuitable for 

use in printing systems. 

An aspect of some preferred embodiments of the present invention relates to providing 
dynamic seals that exert relatively small torque on shafts to which they are coupled and which 
do not substantially accelerate wear of the shafts. 
20 In accordance with a preferred embodiment of the present invention a dynamic seal is 

formed between a rotatable shaft and a wall of a sealed cavity through which the shaft passes 
by a rotary bearing that couples the shaft to the wall. An inner race of the bearing presses on a 
seal, preferably an o-ring seal, mounted on the shaft and an outer race of the bearing presses on 
a similar seal mounted in the wall. The seals between the outer and inner races of the bearing 
25 that protect the bearing's rollers from dirt, and the o-ring seals between the bearing races and 
the wall support a pressure differential between one side and the other side of the wall. 
Preferably, the bearings are contact sealed bearings. Contact sealed bearings have seals that are 
fixed to one of the races of the bearing and make sliding contact with the other race of the 
bearing. Such hearing, are manufactured for example by SKF Ltd. and NSK Ltd. The inventors 
30 have found that sealed bearings "2RS" sold by SKF and sealed bearings "DDU" sold by NSK 
provide a relatively good low pressure gas seal. The inventors have found that a dynamic seal, 
when used to control aspiration of suction cups in tandem transport system, in accordance with 
a preferred embodiment of the present invention, satisfactorily supports a pressure differential 
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of 0.8 atmospheres with relatively low air leakage from one side to the other of the seal. Such 
low leakages are not detrimental to the operation of the system. 

BRIEF DESCRIPTION OF FIGURES 
The invention will be more clearly understood from the following description of 
5 preferred embodiments thereof read with reference to figures attached hereto. In the figures, 
identical structures, elements or parts that appear in more than one figure are generally labeled 
with the same numeral in all the figures in which they appear. Dimensions of components and 
features shown in the figures are chosen for convenience and clarity of presentation and are not 
necessarily shown to scale. The figures are listed below. 
10 pigs. 1A and 1D-1I schematically show in cross-sectional view a tandem perfector 

transport system removing a sheet from a first impression roller of a printer, turning the sheet 
over and transporting the sheet to a second impression roller of the printer, in accordance with 
a preferred embodiment of the present invention; 

Figs. IB and 1C schematically show perspective views of a picker and a perfector 
1 5 comprised in the transport system shown in side views in Figs 1 A and ID- II; 

Figs. 2A-2D schematically show the transport system shown in Fig. 1 A transporting a 
sheet from the first impression roller to the second impression roller without turning the sheet 
over, in accordance with a preferred embodiment of the present invention; 

Fig. 3 schematically shows dynamic seals used to couple a vacuum pump to suction 
20 cups of a transporter, in accordance with a preferred embodiment of the present invention 

Fig. 4 schematically shows in perspective view a perfector transporter comprising two 
pick and place arms, in accordance with a preferred embodiment of the present invention; 

Figs. 5A - 5F show the operation of a re-feed perfector transport system comprising a 
perfector transporter similar to that shown in Fig. 4, in accordance with a preferred 
25 embodiment of the present invention; and 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Figs. 1A and 1D-1I schematically show side views of a tandem sheet transport system 
20 comprised in a tandem printer as the transport system removes a sheet 22 from a first 
impression roller 24 of the printer, turns the sheet over and feeds the sheet to a second 
30 impression roller 26 of the printer, in accordance with a preferred embodiment of the present 
invention. Only elements of the printer that are required for the discussion of transport system 
20 are shown in Figs. 1 A and 1D-1I. RoUers 28 represent any suitable devices in the printer for 
printing an image on a sheet held by impression rollers 24 and 26. For example, a roller 28 
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might represent an intermediate transfer member or a photoreceptor roller of an electrographic 
printing engine. For clarity of discussion it is assumed that rollers 28 represent intermediate 
transfer members. Direction of rotation of impression rollers 24 and 26 and intermediate 
transfer members 28 are shown by arrows. 

Referring to Fig. 1A, sheet transport system 20 preferably comprises a picker 
transporter 30, a perfector 32, a transfer transporter 34, a feed transporter 36 and a second 
picker transporter 38. Preferably, sheet transport system 20 comprises at least one fan 33 
positioned over perfector 32, which blows air in the direction of the perfector. Preferably, 
transport system 20 comprises an edge sensor 35 that senses positions of a leading edge and a 
trailing edge of a sheet that is transported by the transport system at times during which the 
sheet is located on the perfector. Preferably transport system 20 also comprises a by-pass 
transporter 40. By-pass transporter 40 is used when it is desired to transport sheet 22 to second 
impression roller 26 without turning sheet 22 over. By-pass transporter 40 does not function in 
the transportation of sheet 22 to impression roller 26 shown in Figs. 1A-1G. The operation of 
by-pass transporter 40 is discussed below and schematically illustrated in Figs. 2A - 2C. Picker 
30 and perfector 32, which are shown in the side view of transport system 20 in Figs. 1A and 
1D-1G, are shown in perspective views in Figs. IB and 1C respectively. 

In Fig. 1 A and figures that follow, to prevent clutter of the figures, unless required for 
clarity, generally only one feature of a plurality of features that are referred to by a same 
numeral is labeled by the numeral. 

Picker 30, preferably comprises two linear arrays 42 of suction cups 44 and preferably 
two rim structures 46 that form two sheet support surfaces 48. In the side view of transport 
system 20 shown in Figs 1 A-1G only one suction cup 44 of a linear suction cup array 42 and 
only one rim structure 46 is shown. Suction cups 44 in an array 42 are mounted to a manifold 
50. Rim structures 46 are preferably connected to a shaft 52 via spokes 54, only one of which is 
labeled with a numeral. Manifolds 50 are mechanically coupled to shaft 52 by preferably being 
mounted to rim structures 46. 

Manifold 50 of each suction cup array 42 is preferably connected via a pressure hose 56 
to a preferably different "vacuum" channel (not shown) in shaft 52. The vacuum channels are 
coupled to an appropriate vacuum system that is controlled by a controller (not shown). The 
controller controls the vacuum system so that suction cups 44 of each suction cup array 42 suck 
and release air to respectively grip and release a sheet being transported by transport system 20 
at appropriate times. 
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In some preferred embodiments of the present invention the "vacuum" channels in shaft 
52 to which manifolds 50 are coupled are connected to the vacuum system using conventional 
techniques and conventional devices, such as rotary joints and conventional dynamic seals. 
Preferably, the channels are connected to the vacuum system using dynamic seals in 
5 accordance with a preferred embodiment of the present invention that are discussed below and 

schematically shown in Fig. 3. 

The perspective view of picker 30 shown in Fig. IB shows a vacuum distributor 62, 
which is mounted near an end 63 of shaft 52, that comprises a sealed cavity (not shown) for 
each vacuum channel in shaft 52 (there are two vacuum channels in shaft 52). Each cavity 
10 couples a different one of the vacuum channels to the vacuum system via a different one of 
pressure hoses 64 and 66. The cavities in vacuum distributor housing 62, are preferably sealed 
using dynamic seals (not shown), in accordance with a preferred embodiment of the present 
invention. Details of internal features of vacuum housing 62 are shown in Fig. 3 and discussed 
in the discussion of Fig. 3. 
15 Returning to Fig. 1A transfer transporter 34, feed transporter 36 and second picker 38 

preferably have a construction similar to that of picker 30. Each of these transporters preferably 
rotate with a constant rotational speed in a direction indicated by the arrows inside the 
transporter. Feeder 36 and second picker 38 are preferably identical to picker 30. Transfer 
transporter 34 is preferably larger than picker 30 and preferably comprises three linear arrays 
20 43 of suction cups 44 and two rim structures 47. 

In a preferred embodiment of the present invention the relative diameters of transfer 
transporter 34, picker 30 (and picker 38 and feeder 36) and impression roller 24 (and 26) are 
about 3:2:1. Preferably each of these transporters and impression rollers rotates with a 
substantially constant angular velocity. Their relative angular velocities are preferably 
25 inversely proportional to their diameters. Perfector 32 (shown also in perspective view in Fig. 
IQpreferably comprises a shaft 68, arrays 70 and 72 of suction cups 44 connected to manifolds 
50 and "sector rim structures" 74 that form sheet support surfaces 76. Manifolds 50 are 
preferably mounted to sector rim structures 74. Preferably, the positions of at least one of 
manifolds 50 is adjustable so that a distance between suction cup arrays 70 and 72 can be 
30 adjusted to accommodate different size sheets. In some preferred embodiments of the present 
invention a manifold 50 is adjusted manually. In some preferred embodiments of the present 
invention the position of a manifold 50 is adjusted using small actuators or motors. Fig. 1C 
schematically shows two actuators 51 mounted sector rim frames 74 to adjust the position of 
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one of manifolds 50. Each manifold 50 is connected to a different vacuum channel (not shown) 
in shaft 68 via a pressure hose 56. Similarly to the other transporters in transport system 20, 
the vacuum channels are appropriately connected to a vacuum system, preferably via a vacuum 
housing 62. 

5 Rim structures 74 of perfector 32 are constructed substantially different from the rim 

structures of other transporters in sheet transport system 20. Sheets transported by perfector 32 
are always located between suction cup arrays 70 and 72. As a result a full rim structure is not 
required for perfector 32. In addition, unlike the other transporters in transport system 20, 
which move with substantially a constant rotational velocity, perfector 32 accelerates and 
10 decelerates relatively rapidly and changes direction of rotation when transport system 20 turns 
over a sheet that it transports between impression rollers 24 and 26. The "sector structure" of 
sector rim structures 74 results in a rim structure substantially less massive than a "full" rim 
structure. The lighter mass of sector rim structures 74 facilitates accelerating perfector 32 
rapidly. Perfector 32 is preferably driven by a motor 78, which is connected to shaft 68, 
15 preferably, by pulleys 80 and a transmission belt 82. Preferably, transmission belt 82 is a 
timing belt and pulleys 80 are splined pulleys. The controller controls motor 78 to provide 
desired motion of perfector 32. Preferably, the controller controls motor 78 responsive to 
signals that it receives from edge sensor 35 and from an encoder (not shown) that monitors the 
position of second impression roller 26. The signals are preferably used to adjust rotational 
20 speed of perfector 32 to adjust transport system 20 for variance in the length of sheets 
transported by the system and errors in the position of a sheet held by perfector 32. Adjusting 
the rotational velocity of perfector 32 to accommodate errors in the position of a sheet 
transported by a sheet transport system similar to that described in the present application is 
discussed in PCT application PCT/IL99/00600 referenced above. PCT/IL99/00600 also 
25 describes a system useable for fine tuning the position of a sheet immediately prior to its being 
fed to second impression roller 26. In some preferred embodiments of the present invention, 
sheet transport system 20 comprises a sheet position fine tuning system similar to that 
described in PCT/IL99/00600. The direction of rotation of perfector 32 in Figs. 1 A and 1D-1G 
is snown by ihc direction of the arrow inside the perfector. In Fig. 1 A perfector 32 is rotating 
30 clockwise. 

In Fig. 1 A a first side of sheet 22 is shown being printed on impression roller 24. An 
arrow 90 in Fig. 1 A and figures that follow indicate the printed side of sheet 22. Sheet 22 has a 
leading edge 92 and a trailing edge 94. Printing on the first side of sheet 22 is referenced to 
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leading edge 92. Impression roller 24 is rotated to a position at which leading edge 92 is 
located at a hand off position between impression roller 24 and picker 30. Picker 30 is rotated 
so that one of its suction cup arrays 42 is also at the pick off position. The vacuum system to 
which the suction cup array 42 is connected is controlled so that suction cups 44 in the array 
5 suck in air and grip sheet 22 along leading edge 92. As picker 30 and impression roller 24 
O continue to rotate, sheet 22 rolls off impression roller 24 and onto support surfaces 48 of picker 

30. At this stage of moving sheet 22 to second impression roller 26 perfector 32 is rotating 
clockwise. 

In Fig. ID perfector 32 and picker 30 have rotated to a sheet hand off position between 
10 the picker and the perfector. Suction cup array 70 of perfector 32 is opposite leading edge 92 of 
sheet 22 and suction cup array 70 aspirates air and grips the leading edge while suction cup 
array 42 of picker 30 releases the leading edge. In addition, perfector 32, which had been 
rotating clockwise, is controlled by motor 78 to reverse direction and rotate counterclockwise 
in synchronism with picker 30.. 
15 As picker 30 and perfector 32 continue to rotate, sheet 22 rolls off picker 30 and onto 

perfector 32. Air blown by fan 33 in the direction of perfector 32 presses sheet 22 firmly to 
sheet support surfaces 76 of the perfector. 

Fig. IE shows perfector 32 still rotating counterclockwise and rotated to a position at 
which sheet 22 is completely transferred to perfector 32. Suction cup array 72 of perfector 32 is 
20 now opposite trailing edge 94 of sheet 22 and is controlled to aspirate and grip trailing edge 94. 
Sheet 22 is now firmly held on perfector 32 by both its leading edge 92 and its trailing edge 94 
and the position of trailing edge 94 on the perfector is accurately registered to the position of 
Q leading edge 92 on the perfector. The printed side of sheet 22 is face up on perfector 32 as 

indicated by arrow 90. 

25 After securing sheet 22 by its leading and trailing edges, perfector 32 continues rotating 

counterclockwise until trailing edge 94 is at a hand off position between perfector 32 and 
transfer transporter 34. 

Fig. IF shows the positions of perfector 32 and transfer transporter at the hand off 
position. At the hand off position, perfector 32 reverses its direction of rotation and begins to 

30 rotate clockwise, to match the counterclockwise rotation of transfer transporter 34 and a suction 
cup array 43 of transfer transporter 34 grips trailing edge 94. Suction cup array 72 of perfector 
32 releases trailing edge 94 and as transfer transporter 34 and perfector 32 continue to rotate, 
sheet 22 rolls onto transfer transporter 34 and suction cup array 70 of the perfector releases 
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leading edge 92 of sheet 22. Sheet 22 is then completely on transfer transporter 34, held on the 
transfer transporter by trailing edge 94 and with the printed surface of sheet 22 face down, as 
indicated by arrow 90. 

Even though transfer transporter 34 grips sheet 22 by trailing edge 94, the position of 
sheet 22 on the transporter is registered to leading edge 92, since perfector 32 handed off 
trailing edge 94 to transfer transporter 34 with the position of trailing edge 94 accurately 
registered to the position of leading edge 92. As a result, in further hand-offs between 
transporters as transport system 20 moves sheet 22 to impression roller 26, which are 
accomplished by handing off trailing edge 94 of sheet 22, the position of sheet 22 remains 
registered to leading edge 92. 

Fig. 1G shows transfer transporter 34 handing off trailing edge 94 (at this point the 
leading edge) of sheet 22 to feeder 36 and Fig. 1H shows feeder 36 feeding sheet 22 to second 
impression roller 26 with sheet 22 oriented so that its printed side is down on the impression 
roller. Preferably, sheet transport system 20 comprises a sheet position fine adjustment system 
that adjust the timing of the transfer of sheet 22 from feeder 36 to second impression roller 26, 
as described in PCT application PCT/TL99/00600. Fig. II shows second picker 38 gripping 
trailing edge 94 as the picker begins removing sheet 22 from impression roller 26 after the 
second side of sheet 22 is printed. 

Figs. 2A-2D schematically show the operation of transport system 20 when sheet 22 is 
transported from impression roller 24 to impression roller 26 without turning over sheet 22. 
Fig. 2A is identical to Fig. 1A and shows picker 30 removing sheet 22 from impression roller 
24 after a first side of the sheet is printed. The orientation of the printed side of sheet 22 is 
shown by arrow 90. Perfector 32 is rotating clockwise. 

However, unlike the transport process shown in Figs. 1A and 1D-1I, in the transport 
process shown in Figs. 2A-2D, picker 30 does not hand off sheet 22 to perfector 32. Instead, 
picker 30 hands off sheet 22 to by-pass transporter 40, as shown in Fig. 2B. By-pass transporter 
40 then hands off sheet 22 to perfector 32 as shown in Fig. 2C. After receiving sheet 22, 
perfector 32 does not reverse its direction of rotation but continues rotating clockwise to hand 
off sheet 22 to transfer transputer 34, zz shown in Fig. 2D. As a result, perfector 32 does not 
turn over sheet 22. From transfer transporter 34, sheet 22 is handed off towards impression 
roller 26 as shown in Figs. 1G-1I. However, when sheet 22 is fed to impression roller 26, sheet 
22 rolls onto impression roller with the printed side face up, rather than face down as in the 
sheet transfer process shown in Figs. 1A and 1D-1I. It should be noted that in the sheet 
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transport process shown in Figs. 2A-2D sheet 22 is always held by leading edge 92 and transfer 
of sheet 22 from one transporter to another is always done by handing off leading edge 92. The 
position of sheet 22 on second impression roller 26 is therefore automatically registered to 
leading edge 92. 

When transfer system 20 is configured to use by-pass transporter 40, the transport 
system transports sheets substantially more rapidly between impression roller 24 and 
impression roller 26 than when the system is configured to turn over a page when it transports a 
sheet between the rollers. Therefore, when the printer comprising transport system 20 is used to 
print only one side of a sheet, a higher throughput of the printer can be achieved when transport 
) system 20 is configured to use by-pass transporter. 

In addition, when the printer is used to print both sides of a sheet, transporter 40 is 
advantageously used to check color density on both sides of the sheet with a single in-line 
densitometer. Assume for example that the densitometer is located so that it checks the color 
density on a sheet while the sheet is on second impression roller 26. Therefore, under normal 
5 duplex operation the densitometer checks color density on the second side of the sheet (i.e. the 
one printed on second impression roller 26). To check color density on the first side of the 
sheet, transport system 20 is switched to a calibration mode in which the system is configured 
to use by-pass transporter 40 and the printer is set to print only the first side of the sheet (i.e. 
the side printed on first impression roller 24). A sheet printed under these conditions when it 
0 rolls onto second impression roller 26 has the first side up on the impression roller and the 
densitometer checks color density on the first side. 

Fig. 3 shows a schematic cross-sectional view of a portion of shaft 52 of picker 
transporter 30, shown in Fig. IB, which is mounted with vacuum distributor 62, in accordance 
with a preferred embodiment of the present invention. The cross-sectional view is taken along 
25 line A-A shown in Fig. IB and illustrates a method of transmitting vacuum to suction cup 
arrays 42 comprised in picker 30 using dynamic seals, in accordance with a preferred 
embodiment of the present invention. 

Vacuum distributor 62 comprises a housing 100 having a circularly cylindrical cavity 
102 defined by an inner cavity wall 104 of housing 100. Three preferably identical annular 
30 rotary bearings 105, 106 and 107 are mounted inside cavity 102. Preferably bearings 105, 106 
and 107 are contact sealed bearings. Each bearing 105, 106 and 107 comprises a plurality of 
appropriate cylindrical or spherical rollers 108 and an inner race 110 and an outer race 112. 
Grease seals 114 on either side of rollers 108 protect the rollers from dirt. Preferably To 
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prevent clutter, numerals identifying components of bearing 105, 106 and 107 are shown only 
forbearing 105. 

The outer diameter of bearings 105, 106 and 107 are substantially equal to the diameter 
of cylindrical cavity 102 and the inner diameters of the bearings are substantially equal to the 
5 diameter of shaft 68. An annular spacer 115 is preferably placed between adjacent bearing 105 
' and 106 to maintain a desired distance between the bearings. Similarly an annular spacer 1 17 is 
placed between bearing 106 and 107. Spacers 115 and 117 preferably have an outer diameter 
substantially equal to the diameter of cylindrical cavity 102 and are preferably press fit into 
cavity 102 so that once in place they cannot rotate inside the cavity. Spacers 115 and 117 have 
[ 0 a radial wall thickness preferably sufficiently thin so that they contact bearings between which 
they are placed only along outer races 112 of the bearings. A lip 118 in housing 100 and a 
cover plate 120 preferably secure bearings 106 and spacers 116 inside cavity 102. 

For each bearing 105, 106 and 107 an o-ring or other suitable seal 122 is seated in an 
appropriate groove in inner wall 104 of housing 100 contacts and presses against outer race 1 12 
15 of the bearing. O-ring 122 provides a gas seal between race 112 of the bearing and cavity wall 
104. Similarly, for each bearing 105, 106 and 107 an o-ring or other suitable seal 123 is seated 
in an appropriate groove in shaft 68 opposite inner race 110 of the bearing. O-ring 123 provides 
a gas seal between race 112 of the bearing and the surface of shaft 68. For each bearing 105, 
106 and 107 grease seals 114 of the bearings and gas seals provided by o-rings 122 and 123 
20 provide a gas seal between shaft 68 and cavity wall 104 that supports a pressure differential 
between the two sides of the bearing. In addition the bearings and seals enable shaft 68 to rotate 
freely within vacuum distributor 62. Bearings 105, 106 and 107 and their associated o-ring 
seals therefore function as low torque dynamic seals and create two separate sealed annular 
cavities 125 and 127 between shaft 68 and cavity wall 104 of vacuum distributor 62. An inlet 
25 hole 128 to cavity 125 passes through housing 100 and spacer 115 and an inlet hole 129 to 
cavity 127 similarly passes through housing 100 and spacer 117. Inlet holes 128 and 129 are 
connected via pressure hose 64 and 66 respectively to the vacuum system (not shown) that 
generates vacuum for suction cup arrays 42 of picker 30. 

Shaft 68 is formed with tvve channels 130 and 132 that are preferably parallel to the axis 
of shaft 68. Channels 130 and 132 are not connected to each other. Channel 130 has an inlet 
hole 134 and an outlet hole 136, each of which connects channel 130 with the surface of shaft 
68. Inlet hole 134 is located so that it communicates with sealed annular cavity 127. Outlet hole 
136 is connected via pressure hose 56 to one of suction cup arrays 42 of picker 30 (Fig. IB). 
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Channel 132 similarly has an inlet hole 138 and an outlet hole 140. Inlet hole 138 is positioned 
so that it communicates with annular sealed cavity 125. Outlet hole 140 is connected to the 
other of suction cup arrays 42 of picker 30 via a pressure hose 57. Channels 130 may be 
formed for example by drilling appropriate holes through end 69 of shaft 68 and plugging the 

5 holes with plugs 141. 

Vacuum distributor 62 enables each of suction cup arrays 42 of picker 30 to be 
controlled independently of each other. When the vacuum system draws air through pressure 
hose 64 air is drawn through channel 132 and from the suction cups in the suction cup array 42 
to which channel 132 is concerted. The direction of air flow through channel 132 and annular 

10 cavity 125 when air is drawn through pressure hose 64 is shown by solid arrow. When the 
vacuum system draws air through pressure hose 66 air is drawn through channel 130 and from 
the suction cups in the suction cup array 42 to which channel 130 is concerted. The direction of 
air flow through channel 130 and annular cavity 127 when air is drawn through pressure hose 

66 is shown by dashed arrows. 
1 5 It should be noted that whereas vacuum distributor 62 is shown transmitting vacuum to 

two channels in shaft 68 a similar vacuum distributor comprising more than three low torque 
dynamic seals can be used to transmit vacuum to more than two channels in a rotating shaft, in 
accordance with a preferred embodiment of the present invention. Furthermore, whereas 
vacuum distributor 62 has been described as transmitting vacuum it can of course also be used 
20 to transmit low pressure to channels in a rotating shaft. 

It should be noted that inlet hoses 64 and 66 do not rotate with shaft 68 and can thus can 
be freely connected to a stationary source of vacuum. The vacuum at outlet hoses 56 and 57 
rotates and thus can be attached to any structure that rotates with the shaft. Thus, the vacuum at 
hoses 56 and 57 can be controlled by controlling the vacuum at hoses 64 and 66. 
25 Furthermore, while Fig. 3 shows a two way distributor, an extended structure of the 

same type (using an rotating seal and channel for each input/output) can be used for any 
number of channels of vacuum. Furthermore, both sides of the shaft are fitted with distributors. 

Fig. 4 schematically shows in a perspective view a perfector 200 for use with a duplex 
printing machine that prints both sides of a sheet on a same impression roller. 
30 Perfector 200 preferably comprises two pick and place arms 201 and 203 preferably 

having bracket arms 202 and 204 respectively. Bracket arms 202 and 204 are rotatably 
mounted, preferably on two pin shafts 206 and 208, so that each bracket arm is independently 
rotatable about a same axis 210. Bracket arm 202 is preferably fixed to pin shaft 208 and 
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rotatable about pin shaft 206. Similarly bracket arm 204 is preferably fixed to pin shaft 206 and 
rotatable about pin shaft 208. 

Pin shaft 206 is coupled to a motor 212 preferably via pulleys 214 and a transmission 
belt 216. Preferably transmission belt 212 is a timing belt and pulleys 214 are splined pulleys. 
Bracket arm 204 rotates about axis 210 when motor 212 rotates pin shaft 206. Similarly, pin 
shaft 208 is-coupled to a motor 218 that controls the rotation of pin shaft 208 and thereby the 
rotation of bracket arm 202 about axis 210. 

Bracket arm 204 is mounted with a plurality of suction cups 220 and preferably at least 
two crescent structures 222 having sheet support surfaces 224. By way of example, bracket arm 
204 is mounted with four suction cups 220 and two crescents 222. Preferably, a crescent 222 is 
mounted between each outer pair of suction cups 220. The radial distances of all suction cups 
220 from axis 210 are preferably equal. Preferably, the radial distance of a region of a support 
surface 224 from axis 210 decreases slightly as the distance of the region from bracket arm 204 
increases. 

A channel inside bracket arm 204 communicates with suction cups 220 and is 
connected to a suitable vacuum system using methods known in the art, which controls 
aspiration of suction cups 220. Bracket arm 202 is preferably similarly mounted with suction 
cups 230 and crescents 232 having sheet support surfaces 234. Suction cups 230 and sheet 
support surfaces 234 lie on the same circularly cylindrical surface on which suction cups 220 
and sheet support surfaces 224 lie. Crescent 222 and 232 are displaced from each other in a 
direction parallel to axis 210 so that bracket arms 204 and 202 can be rotated so that they are 
close to each other. When bracket arms 204 and 202 are close, crescents 222 interleave with 
crescents 232. The decrease in radial distance of regions of sheet support surfaces 224 and 234 
prevents a sheet being held by one pick and place arm from being abraded by the sheet support 
surface of the other pick and place arm when the two pick and place arms are close together. 

Figs. 5A-5F schematically show side views of a sheet transport system 250 and 
illustrate its operation, in accordance with a preferred embodiment of the present invention. 
Figs 5A-5F show sheet transport system removing a sheet from an impression roller 252 of a 
printer (not shown) after a first side of the sheet is printed, turning the sheet over and returning 
the sheet to impression roller 252 for printing a second side of the sheet. A roller 254 represents 
any suitable device for printing an image on a sheet held on impression roller 252. Since the 
image on the two sides of the sheet are generally different, the printing device is preferably a 
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digital printing device such as an electrophotographic device. Roller 254 may be, for example, 
an intermediate transfer member of a printer. 

Referring to Fig. 5 A, sheet transport system 250 comprises the perfector 200 shown in a 
perspective view in Fig. 4, a conveyor belt 256 having a surface 257 and at least one fan 258. 
An arrow inside conveyor 256 indicates a direction of motion of surface 257. A first side of a 
sheet 22 is being printed on impression roller 252 as it rolls onto impression roller 252 from a 
feed tray 253. A gripper 251 on impression roller 252 holds a leading edge 92 of sheet 22. An 
arrow 90 indicates the printed side of sheet 22. Bold curved arrows on pick and place arms 201 
and 203, hereinafter "arms 201 and 203", indicate direction of rotation of the arms, which are 
both moving clockwise. Suction cups 220 of pick and place arm 203 are approaching a hand 
off position between impression roller 252 and perfector 200. 

At the handoff position suction cups 220 of arm . are controlled to aspirate and grip 
leading edge 92. As arm 203 and impression roller 252 continue rotating after suction cups 220 
grip leading edge 92, sheet 22 rolls off impression roller 252 and onto sheet support surfaces 
224 of arm 203. 

Fig. 5B shows transport system 250 after a substantial portion of sheet 22 has rolled 
onto sheet support surfaces 224 and a next sheet 23 is being fed to impression roller 252. Sheet 
support surfaces 224 contribute to a smooth roll off of sheet 22 from impression roller 252 and 
to reducing fluctuations in a force with which arm 203 pulls sheet 22 off impression roller 252. 
Support surfaces 224 also substantially reduce damage to sheet 22 from kinking or wrinkling of 
the sheet in regions near to suction cups 220. As arm 201 and impression roller 252 continue to 
rotate sheet 22 leaves impression roller 252 and is drawn by airflow created by fan 258 to 
conveyor surface 257. 

Fig. 5C shows sheet 22 and positions of arms 201 and 203 at a time at which sheet 22 
has just rolled completely off impression roller 252 and lies flat on conveyor surface 257. At 
this time arm 201 reverses its direction of rotation so that it rotates counterclockwise and 
moves sheet 22 in the direction of motion of conveyor surface 257 so that a trailing edge 94 of 
sheet 22 approaches a hand off position between conveyor 257 and impression roller 252. 
Airflow from fan 258 and the motion of conveyor surface 257 substantially prevent 
"billowing" of sheet 22 on conveyor surface 257 and maintain relatively accurate registration 
of the position of trailing edge 94 to the position of leading edge 92. 
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Gripper 251 holds a leading edge of sheet 23 which is being printed on impression 
roller 252 and arm 201 is rotating clockwise to pick up the leading edge at the handoff position 
between impression roller 252 and perfector 200. 

In Fig. 5D arm 201 is beginning to remove sheet 23 from impression roller 252 and 
5 suction cups 230 of arm 201 are gripping the leading edge of sheet 23 which is being released 
by gripper 251. Arm 203 is still moving counterclockwise and together with conveyor belt 
surface 257 are moving trailing edge 94 of sheet 22 to meet gripper 25 1 . 

In Fig. 5E trailing edge 94 has reached the hand off position between conveyor surface 
257 and impression roller 252. Gripper 251 is gripping trailing edge 94 of sheet 22 and sheet 
10 22 is beginning to roll onto impression roller 252 with its first printed side face down on the 
roller. Suction cups 230 are releasing leading edge 92 of sheet 22 and arm 203 is reversing its 
d direction of rotation so that it rotates clockwise and returns to impression roller 252 to pick up 
a next sheet from the impression roller. As sheet 22 rolls onto impression roller 252 its second 
side will be printed. 

15 The next sheet that arm 203 removes from impression roller 252 is again sheet 22, but 

this time after the second side of sheet 22 is printed. Aim 203 does not of course return sheet 
22 to impression roller 252 after the sheet's second side is printed. Instead of placing sheet 22 
on conveyor surface 257 and reversing its direction of rotation from clockwise to 
counterclockwise arm 203 continues clockwise rotation and passes sheet 22 to a sheet 

20 transporter that moves sheet 22 towards an out tray. Fig. 5F shows arm 203 handing off sheet 
22 after the second side of the sheet has been printed to a transporter 260 that moves the sheet 
towards an out tray. 

It should be noted that a tandem sheet transport system, in accordance with a preferred 
embodiment of the present invention, removes sheets printed on a first impression roller of a 
25 tandem printer and feeds the sheets to a second impression roller of the printer as fast as they 
are printed so that a first side of a sheet is printed with every rotation of the impression roller. 
Similarly, a re-feed transport system, in accordance with a preferred embodiment of the present 
invention, comprised in a printing that prints both sides of a sheet on a same impression roller 
transports sheets at a rale such that a side of a sheet is printed with every rotation of the 

30 printer's impression roller. 

In the description and claims of the present application, each of the verbs, "comprise" 
"include" and "have", and conjugates thereof, are used to indicate that the object or objects of 
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CLAIMS 

1. A sheet transport system for a tandem printer that transports a sheet from a first 
impression roller to a second impression roller of the printer, which sheet has a leading and a 
trailing edge on the first impression roller and wherein a first side of the sheet is printed on the 
first impression roller referenced to the leading edge, comprising: 

a first sheet transporter that removes a printed sheet from the first impression roller; 

a perfector that removes the sheet from the first transporter and grips the sheet after it is 
removed from the first transporter along both the leading and trailing edges of the sheet, which 
perfector turns the sheet over and transfers the sheet trailing edge first towards the second 
impression roller where a second side of the sheet is printed. 

2. A sheet transport system according to claim 1 wherein the perfector comprises a first 
array of suction cups that grips the leading edge of the sheet; and a second array of suction cups 
that grip the trailing edge of the sheet. 

3. A sheet transport system according to claim 2 wherein the distance between the first 
and second suction cup arrays is adjustable to accommodate different size sheets. 

4. A sheet transport system according to any of claims 1 - 3 wherein the perfector 
comprises at least one sheet support surface on which the sheet lies when it is held by the 
perfector. 

5. A sheet transport system according to any of claims 4 and comprising a fan that creates 
airflow that presses the sheet flat to the at least one sheet support surface. 

6. A dynamic seal for providing a gas seal between a shaft and a surface that enables the 
shaft to rotate with respect to the surface comprising: 

a contact sealed bearing comprising rollers sandwiched between an inner race and an 
outer race and seal between the inner and outer races that protects the rollers from dirt; 
a gas seal between the inner race and the shaft; and 
a gas seal between the outer race and the surface. 
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7. A sheet transport system for a printer that receives a sheet from an impression roller of 
the printer on which a first side of the sheet is printed referenced to a leading edge of the sheet 
and if the sheet is to be printed on its second side turns the sheet over and returns the sheet to 
the impression roller, comprising: 

a conveyor belt that feeds a sheet placed thereon to the impression roller; 
a perfector that removes a sheet from the impression roller after a first side of the sheet 
is printed and if a second side of the sheet is to be printed, places the sheet on the conveyor 
belt, and if a second side is not to be printed moves the sheet towards a printer output tray, the 

perfector comprising: 

first and second brackets independently rotatable about a same axis; 
a plurality of suction cups mounted on each of the first and second arms; 
at least one sheet support surface mounted on each arm; and 

a system that rotates the brackets sequentially, one after the other remove printed sheets 
from the impression roller and either place the sheet on the conveyor or move the sheet towards 
15 the output tray. 

8. An apparatus for transmitting vacuum to a device mounted on a rotating shaft 
comprising: 

two annular contact sealed bearings having an inner race and an outer race mounted to 
20 the shaft so that there is a space between the bearings; 

a seal between the inner race of each bearing and the shaft; 

a housing having a housing wall formed with an aperture, said housing wall forming 
together with said ' bearings a cavity that surrounds the shaft and communicates with said 
aperture; 

25 a seal between the cavity surface defined by the housing wall and the outer race of each 

bearing; 

wherein said shaft is formed with an internal channel having a first aperture opening 
that communicates with said cavity and a second aperture communicating with said device. 



For the applicant, 
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